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Abstract

In September and October 2000, the Department of Ecology’ s Stream Hydrology Unit conducted
geologic and hydrologic reconnaissance and a synoptic-flow (seepage-run) study on the upper
Dungeness River in Clallam County, Washington. The study reach lies between the

U.S. Geologica Survey cable-way gage at river mile 11.8 and the confluence with the Gray Wolf
River at river mile 15.9. The study purpose was to evaluate the interaction between the upper
Dungeness River and the underlying bedrock aquifer.

The synoptic-flow study, combined with the geologic and hydrol ogic reconnaissance, revealed
an overall gainintheriver discharge of 7.8 cfs across the four-mile study reach. The study also
showed five intermediate gains and four intermediate losses within the study reach, indicating a
complex relationship between ground water and surface water.

The intermediate gains and losses are attributed to exchange of water within the hyporheic zone,
rather than to permanent losses to or gains from bedrock. The overall gain (7.8 cfs) across the
four-mile study reach is attributed to gradual (1.95 cfs/mile) ground-water discharge to the river
from the bedrock and colluvium aong the steep sides of the river valley.
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Summary

In September and October 2000, the Washington State Department of Ecology (Ecology) Stream
Hydrology Unit (SHU) conducted geologic and hydrologic reconnai ssance and a synoptic-flow
(seepage-run) study on the upper Dungeness River in Clallam County, Washington. The study
reach lies between the U.S. Geological Survey cable-way gage (USGS 12048000) at river mile
(RM) 11.8 on the Dungeness River and the confluence with the Gray Wolf River at RM 15.9.

The purpose of this study was to 1) evaluate the interaction between the upper Dungeness River
and the underlying bedrock aquifer and 2) provide synoptic-flow data to evaluate the river gains
and losses in the study reach.

Upstream of the USGS gage, the river flows across bedrock which, in many areas, is overlain by
course, gravelly alluvium and colluvium. It has generally been assumed over the years that the
upper surface of the bedrock is essentially a no-flow boundary across which thereis very little
interaction between the river and the bedrock aquifer.

It has been postulated, however, that a significant amount of river water may be lost from the
study reach to bedrock joints or fractures. It has aso been postulated that the suspected lost river
water may recharge deep aquifersin the lower Dungeness Valley via bedrock fractures.

The synoptic flow measurements indicated an overall gain in the river discharge of 7.8 cubic feet
per second (cfs) across the four-mile study reach. The results also showed five intermediate
gains and four intermediate losses in sub-reaches of the study reach. Asshown in Figure 4, the
most significant gain was in Reach #2, where the river gained 11 percent of its volume or

12.7 cfs (3.63 cfg/0.1 mile). Two significant losses were detected: the river lost 10.2 cfs

(-10.2 cfs/0.1 mi.), or 7.84 percent of itstotal volume, in Reach #3; and lost 6.6 cfs

(-3.32 cfs/0.1 mi.), or 6.47 percent of itstotal volume, in Reach #9. These intermediate gains
and losses indicate an underlying complexity in the ground-water/surface-water relationship that
is not apparent when one looks only at the overall measured gain.

The intermediate gains and |osses are attributed to exchange of water to and from the hyporheic
zone, rather than permanent losses to or gains from bedrock. The overall gain (7.8 cfs), along
the four-mile reach, is attributed to gradual (1.95 cfs/mile) ground-water discharge to the river
from the bedrock and colluvium aong the steep sides of theriver valley.
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Introduction

As the human population increases in the city of Sequim and the Dungeness River watershed,
demands for surface water and ground water increase as well. Surface-water and ground-water
resources are being stretched to their limits. Not only iswater needed for amyriad of uses
deemed beneficial to humans, but also to maintain streamflow necessary to support salmon and
other species. It is becoming increasingly necessary to manage the water resources of the
watershed efficiently and wisely to satisfy these competing resource needs.

The river flows on a bedrock base in the study reach, upstream of the U.S. Geologica Survey
(USGS) gage. In many areas along this reach the river flows on and through a hyporheic zone of
course, gravelly aluvium and colluvium overlying the bedrock. It has generally been assumed
over the years that the upper surface of the bedrock is essentially a no-flow boundary across
which there is very little interaction between the river and the bedrock aquifer.

It has recently been postulated, however, that a significant amount of river water may be lost to
bedrock fractures upstream of the USGS gage. Thistheory is based partially on local lore and
partially on an unpublished measurement of the Dungeness River at about mile 15.8, below the
confluence with the Gray Wolf River, and river discharge based on the flow-rating curve for the
USGS gage (USGS 12048000), at about mile 11.8 (Figure 1). This discharge comparison was
conducted on September 4, 1998, and indicated an apparent loss of about 16 cubic feet per
second (cfs), or about 13 percent of the total river volume on that date (Jeldness, 2000).

It has also been postulated that the “lost” river water may recharge deep, unconsolidated aquifers
in the lower Dungeness Valley via bedrock fractures, at depth. The cross sectionsin Appendix A
illustrate the relationship between bedrock and the deep aquifersin the lower Dungeness River
valley.

In September and October 2000, the Stream Hydrology Unit (SHU) of Ecology’ s Environmental
Assessment Program conducted geologic and hydrologic reconnaissance and a synoptic-flow
study (seepage-run) on the Dungeness River reach between river miles 15.8 and 11.8 to
determine if the loss of river water in fact occurs.

The project was conducted at the request of and in support of the goals of the Dungeness River
Management Team and Clallam County. Currently, there are at least two other research projects
being conducted in the Dungeness River watershed which are designed to: 1) define the
relationship between the Dungeness River and ground water (Simonds et al, 1999); and

2) measure surface-water flow, and monitor surface-water quality (Sargeant, 2000). The project
by Simonds et al (1999) focuses on the river/aquifer relationships of the Dungeness River
watershed downstream of the USGS gage. Here, theriver flows north across an eight-mile wide,
north-sloping plain of glacia deposits before emptying into the Strait of Juan de Fuca. The
project by Sargeant (2000) is a Total Maximum Daily Load (TMDL) study designed to identify
bacterial sourcesin the Dungeness River watershed that contribute to poor water quality in
Dungeness Bay.
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A valuable bonus to this study is that the upper Dungeness synoptic-flow study was conducted
the day after SHU personnel assisted the USGS with afall, low-flow, synoptic-flow study of the
Dungeness River downstream of the USGS gage at river mile (RM) 11.8 (Simonds et al, 1999).
This means that essentially one seepage run study was conducted on a 15-mile reach of the river
(RM 15.8 to RM 0.73) intwo days. These two studies combined include instantaneous flow
measurements at atotal of 30 sites, including 17 on the mainstem plus all of the flowing
tributaries, outflows, and return flows along the 15-mile reach. Data of this caliber and
completeness is unprecedented in the history of work in the watershed and should prove to be
very valuable to those studying water issues in the watershed.

Study Objective

The objective of this study isto 1) evaluate the interaction between the upper Dungeness River
and the underlying bedrock aquifer and 2) provide synoptic-flow data to evaluate the river gains
and losses in the study reach. A direct connection between bedrock fracturesin the river bed and
recharge to deep, unconsolidated aquifersin the lower Dungeness River valley would be very
difficult to prove and is outside the scope of this project.

Study-Area Description

The study area encompasses an approximately four-mile reach of the Dungeness River bounded
on the south (upstream end) by the confluence with the Gray Wolf River and on the north by the
USGS stream gage number 12048000 (Figure 1). Theriver flows to the north from the Olympic
National Forest and the Buckhorn Wilderness. Through the study reach, it descends from an
elevation of about 830 feet above mean sealevel (mg) at the Gray Wolf/Dungeness confluence,
to 569 feet above md at the USGS cable-way gage — atotal drop of approximately 260 feet — an
average gradient of about 65 feet per mile. The USGS gage defines the southern (upstream)
termination of stream gaging associated with the Simonds (1999) study of ground-water/surface-
water interaction on the Dungeness River.

Within the study reach, the Dungeness River flows through a narrow, remote, roadless valley
with mostly high, steeply sloping, vegetated sides. According to Tabor and Cady (1978), the
river flows on bedrock through the upper three miles of this reach and then on thin river alluvium
and colluvium, underlain by bedrock, through most of the lower mile of the study reach.
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Methods

Geologic and Hydrologic Reconnaissance

To complete the geologic and hydrologic reconnai ssance, the authors walked the entire length of
the study reach in three segments over athree-day period. Geologic features and outcrops
observed along the river were compared to published geologic information (Tabor and Cady,
1978; Schasse and Logan, 1998; Othberg and Pamer, 1979). We did not venture out of the
valley, nor did we do independent mapping of geologic units, as the project scope did not allow
for comprehensive geologic mapping or assessment. All bedrock outcrops were visually
inspected and physical features — such as composition, color, layering, blockiness, presence or
absence of fracturing, and fracture orientation — were noted. To supplement the field notes,
photographs were taken of many outcrops. The locations of major bedrock outcrops and other
features were marked on the 1:24,000 topographic quadrangle map by inspection of the
topography and with the aid of stereo-pair aerial photographs.

The hydrol ogic reconnai ssance was conducted in conjunction with the geol ogic reconnai ssance.
Hydrologic features were noted, described, and photographed. River flow and theriver’'s
relationship to the river-bed substrate (bedrock; gravel bars; thin gravel layers; or course, thick
gravel layers) were noted. Morphologic features of the river such as braided segments, straight
stretches, and relative slope of the river bed were also noted and photographed.

River-discharge measurement sites for the synoptic flow study were located during the
reconnaissance study. These locations were based on the flow-section-selection criteria outlined
in SHU (1999, p. 4) and on the relationship of the river with the substrate. For instance, if the
river formed a deep pool against alarge, fractured bedrock outcrop, we tried to locate flow
sections above and bel ow the outcrop —to seeif the river lost water to the bedrock fractures.
Likewise, measured section locations were placed to bracket a variety of representative flow
regimes and geologic river-bed conditions. No measured sections were located in braided stream
areas, because they do not fit the selection criteria for acceptabl e flow-measurement cross
sections. However, cross sections were sited above and below braided areas to identify changes
in discharge across those areas.

Flow Measurement Methods

On October 5, 2000, six members of the SHU conducted a synoptic flow study of the Dungeness
River between river miles 15.8 and 11.8. The study consisted of eleven instantaneous discharge
measurements on the mainstem of the Dungeness River, measurements of two tributaries, and
one measurement at the mouth of the Gray Wolf River (Figure 1). SHU personnel split up into
three two-person teams, and the three teams worked simultaneously on specific segments of the
river.
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1. Team 1 started at the lower end of the reach by first establishing a reference measuring point
at the USGS gage at RM 11.8, herein referred to as Dungeness #1 (Figure 1). The
established USGS staff gage at the site was high and dry of the water surface, so ameasuring
point was established on a stable log overhanging the water. The distance from the reference
point down to the water surface was measured and noted as the reference point measurement

for the beginning of the day (See River Stage Flux, Table 1). The team then hiked to the

measurement site designated as Dungeness #3 at about RM 12.75 where the first flow was
measured at 09:15. The flow of Tributary #2 was measured next. The team then proceeded
downstream to the three remaining measurement sites, Tributary #1 (Caraco Creek),
Dungeness #2 (RM 12.0), and Dungeness #1 where flows were measured at 11:00, 11:35,
and 13:40, respectively (Figure 1 and Table 1). A replicate measurement of Dungeness #1
was made, for quality assurance purposes, immediately afterwards at 14:50. After the last

flow measurement, the reference point height at Dungeness #1 was measured and noted.

Thisidentified the change in river stage that had occurred throughout the day (River Stage

Flux, Table 1).

Table 1 - Upper Dungeness River Seepage Run - Data Summary Sheet - October 5, 2000

Percent Overall
Measure- Measure- River Difference Gain or Gain or
Measurement ment ment Stage  Discharge  from Average Loss Loss
Station Name ID Date Time Flux® (cfs) Mean Discharge  (cfs)® (cfs)®
Gray Wolf River near mouth Gray Wolf #1 10/5/00 16:55 NC 53.78
Dungeness R. at bridge above Gray Wolf
at about RM 15.95 Dungeness #11a 10/5/00 15:00 NC 63.48
Dungeness R. at bridge above Gray Wolf
at about RM 15.95 Dungeness #11b 10/5/00 15:40 NC 63.05 0.680 63.27
Dungeness R., below Gray Wolf at
about RM 15.8 Dungeness #10 10/5/00 13:30 NC 118.17
Dungeness R. at about RM 15.6 Dungeness #9a 10/5/00 16:10 NC 116.57
Dungeness R. at about RM 15.6 Dungeness #9b 10/5/00 17:15 NC 119.29 -2.306 117.93 -0.24
Dungeness R. at about RM 15.25 Dungeness #8 10/5/00 14:45 NC 130.64 12.71
Dungeness R. at about RM 15.15 Dungeness #7 10/5/00 13:30 -0.02 120.40 -10.24
Dungeness R. at about RM 14.9 Dungeness #6 10/5/00 10:30 NC 123.74 3.34
Dungeness R. above old Clink Bridge at
about RM 13.35 Dungeness #5 10/5/00 8:40 NC 124.09 0.35
Dungeness R. below old Clink Bridge at
about RM 13.28 Dungeness #4 10/5/00 10:15 NC 128.41 4.32
Dungeness R. at about RM 12.75 Dungeness #3 10/5/00 9:15 NC 128.15 -0.26
Un-named tributary at about RM 12.75  Tributary #2 10/5/00 10:05 NC 0.03
Caraco Creek near mouth Tributary #1 10/5/00 11:00 NC 0.12
Dungeness R. at about RM 12.0 Dungeness #2 10/5/00 11:35 NC 132.61 4.31
Dungeness R. at USGS gage, at about
RM 11.8 Dungeness #1 10/5/00 8:00 - 14:50  -0.01
Dungeness R. at USGS gage, at about
RM 11.8 Dungeness #la 10/5/00 13:40 NC 125.55
Dungeness R. at USGS gage, at about
RM 11.8 Dungeness #1b 10/5/00 14:50 NC 126.40  -0.675 125.98 -6.64 7.80

(1) -- Shows change in river stage during each discharge measurement. NC = No Change in river stage;
A negative value indicates the river stage fell during the course of the discharge measurement, or during the time frame shown.

(2) -- Positive values indicate a gain, negative values indicate a loss.
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2. Team 2 hiked to the river on the trail that leads to the Old Clink bridge at about RM 13.29
and measured flow sections at Dungeness #5 (RM 13.35) and Dungeness #4 (RM 13.28) at
08:40 and 10:15, respectively (Figure 1). They then hiked back to their truck and drove to
the Dungeness Forks Campground at the confluence of the Dungeness and Gray Wolf rivers.
They measured Dungeness River discharge at two more sites, Dungeness #10 (RM 15.8) and
Dungeness#11 (RM 15.95) at 13:30 and 15:00, respectively (Figure 1). A replicate
measurement was made at Dungeness #11 at 15:40. Team 2'slast measurement was at
GW #1 on the Gray Wolf River above its confluence with the Dungeness River at 16:55
(Figure 1 and Table 1).

3. Team 3 drove to the Dungeness Forks Campground and hiked downstream to Dungeness #6
at about RM 14.9 and measured their first flow of the day at 10:30. The team then worked
their way back upstream measuring flow at Dungeness #7 (RM 15.15), Dungeness #8
(RM 15.25), and Dungeness #9 (RM 15.6) at 13:30, 14:45, and 16:10, respectively. A
replicate measurement was made at Dungeness#9 at 17:15 (Figure 1 and Table 1).

All discharge measurements were made by wading, using Swoffer Model 2100 meters and
top-set wading rods (http://www.swoffer.com/). All Swoffer propellers were calibrated prior to
the project using a prop-calibration tube especially designed by SHU personnel. All three
flow-measurement teams followed the flow-measurement protocols as described in SHU (1999).
One discharge measurement was made at each measurement cross section. In addition, each
two-person team made one replicate flow measurement as a check of measurement precision.

A minimum of 20 measurement points (verticals) were used to define each measurement cross
section. Spacing of the verticals was structured to ensure that no more than 10 percent of the
total flow was contained within any one vertical. Discharge at each vertical was determined by
taking 20-second average velocity measurements until two measurements were within 0.05 feet
per second of each other, or at least four measurements had been recorded (see data compilation
sheets and river-bed profilesin Appendix B).

In addition to the standard protocols, each team established atemporary staff gage at each
measurement site by driving a stake into the stream bed. The distance from the top of the stake
to the water surface was measured and recorded at the beginning and end of each flow
measurement. These tape-down measurements provided the information necessary to determine
river stage flux during the course of individual flow measurements and during the course of the
synoptic flow study, overal (Table 1).
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Results

Geologic/Hydraulic Reconnaissance

Geology

The geologic units observed during the field reconnaissance were consi stent with the published
geologic maps. The only observed difference was that there were more bedrock outcropsin the
areas mapped as colluvium than shown on the published maps. That, however, is afunction of
the outcrops aong the river being too small to be shown on the geologic map at the published
scale of 1:125,000 (Tabor and Cady, 1978).

Most of the outcrops observed are black to dark-gray, massive to fractured basalt of the

Crescent Formation (Tabor and Cady, 1978). The basalt outcrops are often fractured, sometimes
extensively. In some cases, however, the outcrops are massive and no significant fractures are
apparent. All of the outcrops observed to be associated with deep poolsin theriver are
composed of basalt.

In some locations it appears that faults or joint systemsin the bedrock may structurally control
the orientation of theriver channel. This observation isbased on field observations of the
apparent orientation of bedrock fractures, and on the tendency of the river to flow in a generally
straight line and then abruptly change direction to aradically different bearing and follow a
generaly straight line along this new bearing. The river also roughly exhibits an angulate
drainage pattern, which isindicative of structural control by joint or fault systems (Thornbury,
1969, p. 120). Figure 2 shows the orientation of some of the more obvious joint systems along
which the river and some of the tributaries seem to be flowing. Certain joint sets, such as those
depicted by traces A, B, C, D, E, and F on Figure 2, are approximately parallel to each other.
This appears to indicate the presence of conjunctive joint sets over afairly large area. The angles
through which the river has turned, in order to follow anew joint set, are both acute and obtuse
and range from about 69 to 125 degrees (Figure 2). Thejoint set shown on Figure 2 astrace “H”
appears to be one of the primary joint sets, based on the tendency of the river to generaly follow
the northwest-trending bearing from about RM 14.3 to RM 12.2.

A detailed study of joint orientation and attitude in the basalt outcrops might provide valuable
information related to the relationship between the river and the fractured bedrock. However,
that level of detailed geologic work was outside the scope of this project.

Hydrology

The hydrologic character of the study reach istypical of a mountain-valley stream. The study
reach consists essentially of along, repetitive series of riffles, pools, and glides, the formation of
which islargely dependent upon changes in the slope of the river and the geology of the river-
bed substrate.
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Two large, braided-channel segments are present in the study reach. These braided-channel
segments are located in Reach #5 and Reach #8. Multiple flow channels through longitudinal
gravel bars and considerable debris such as log jams characterize both braided-channel segments.
Some of the gravel-bar “islands’ between the channels are vegetated with growths of brush.

Only two flowing tributaries were found during the seepage run study. Caraco Creek (Trib #1)
was flowing at about 0.12 cfs, and Trib #2 (an unnamed tributary) was flowing at about 0.03 cfs.

Synoptic Flow Study

Tables 1 and 2 and Figures 3 and 4 show the results of the seepage run study. Complete flow-
measurement data and river-bed profiles for each site are presented in Appendix B. The study
identified an overall gain in river-discharge of 7.8 cfs (1.95 cfsY/mi.) between the Dungeness/
Gray Wolf River confluence (Dungeness #10) and Dungeness #1 at the USGS gage (Tables 1
and 2). However, the flow data (Figure 4 and Table 2) show four intermediate |osses and five
intermediate gains within the four-mile reach.

The most significant gain was in Reach #2 between Dungeness # 9 and #8, where the river
gained 11 percent of itsvolume or 12.7 cfs (3.63 cf5/0.1 mile). The long reach between
Dungeness #7 and Dungeness #2, (composed of Reaches #4 - #8) is essentially along gaining
reach made up of three relatively significant gains, and one each of avery minor gain and loss.
Both the minor gain and loss are statistically insignificant compared to the overall river volume
and the inherent accuracy of flow measurements (see Data Quality Objectives discussion in
Appendix C).

The most significant loss occurred in Reach #3 between Dungeness #8 and #7, where the river
lost 7.84 percent of its total volume or 10.2 cfs (10.2 cfs/0.1 mi.). Another significant loss was
measured in Reach #9 between Dungeness #2 and #1, where the river lost 6.47 percent of its
total volume or 6.6 cfs (-3.32 cfs/0.1 mi.).

Gaining and Losing Reaches as Compared to River-Bed Substrate

For the purposes of this report, river-bed substrate has been divided into two primary,
generalized types: 1) Reaches dominated by heavy cobblesto fine gravel and 2) reaches
dominated by bedrock outcrops. The flow characteristics of the river on cobble/gravel substrate
tend to be long stretches of riffles, glides, and relatively shallow pools. The flow characteristics
of the bedrock-dominant areas tend to be deep pools against a bedrock substrate bounded by
riffles above and below the pools.

As shown on Table 2 and Figure 4, there are identifiable correlations between the predominant
type of river-bed substrate in areach and whether that reach is alosing or gaining reach.
Gaining reaches tend to occur in reaches where the river character is dominated by gravel
substrate and long reaches of riffles, pools, and glides. Losing reaches, on the other hand, seem
to occur in reaches where the river character is dominated by bedrock outcrops and deep pools
(Figure 4).
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A significant exception occurred in Reach #6 where a gain of 4.32 cfs (3.48 percent of the total
river volume) was realized through a short reach in which the river-bed substrate is dominated by
anarrow, funnel-shaped, fractured-basalt outcrop (Table 2). A deep pool, possibly the deepest
observed in theriver, lies against the bedrock at this site.

Page 12
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@ Reach Number - As defined by theriver reach between discharge-measurement sites

and as described on Table 2.
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Bedrock Reach — River-bed substrate is dominated by bedrock.

/\/ Gravel Reach - River-bed substrate is dominated by course sand, gravel, and cobbles

Mixed River-Bed Substrate -- River-bed substrate inthis reach is composed of both
course gravel and bedrock.

Figure 4
River-Bed Substrate vs. Gains and L 0sses
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Discussion

At first glance, the seepage run data seem to provide evidence of river losses to fractured
bedrock. However, upon further scrutiny, the river system seemsto be rather typical of a
mountain-valley river. Repeating reaches of riffles, pools, and glides are intermixed with gravel
bars and braided sections.

The study reach of the river was divided into nine reaches, with each reach being defined as the
river segment between discharge-measurement sites. Flow measurements above and below these
nine reaches yielded an almost even split in the number of gaining and losing reaches. Although
the measurement sites were chosen based on specific criteria as discussed in the Methods
section, the result was still, more or less, arandom division of the river into nine reaches. Itis
probable that if the river were divided into different reaches, or subdivided into more reaches the
gain/loss results would be essentially the same —amix of gaining and losing reaches.

In spite of the apparent correlations between losses and gains and river-bed substrate, it is likely
that the gains and losses are, for the most part, local movement of water into and out of the
hyporheic zone — rather than an indication of major interactions between the river and the
bedrock aquifer. Asillustrated in Figure 5, amountain stream tends to have amix of gaining and
losing reaches. Whether areach is gaining or losing is often related to abrupt changesin the
slope of theriver bed or to meanders in the stream channel (Winter et al, 1998). In essence,
where the flow was measured (above or below a poadl, riffle, or glide, or even abend in theriver)
may have as much or more to do with the resulting measured gains or |osses as with relationships
between river-bed substrate and bedrock.

1 Foad s’ rifile ;
PO "
W ‘I.-' ) i A s el
i ihi : ! ; ey & ¥
W = Y i Frypart i )
o - [ A ” e .-"— | |
II = 1 |
I " | f :
LY - #
f - . - 7
En. o - - d
e - 4 - i y
- . k’ = o
Figure 14, Surface-wrafer exchionge with grownd water in the hyporkelc zone is associated with abrupt chanees

From: Winter et al (1998), p. 17

Figure5 - Interaction with the Hyporheic Zone
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Asillustrated in Figure 6, there can be a strong relationship between river-bed slope and gains
from and loses to the hyporheic zone in mountain streams (Winter et a (1998, p. 37). As
explained by Winter et al (1998, p. 37), “ ... hyporheic exchange in mountain streamsis caused
to alarge extent by the irregular topography of the streambed, which creates pools and riffles
characteristic of mountain streams. Ground water enters streams most readily at the upstream
end of deep pools, and stream water flows into the subsurface beneath and to the side of steep
sections of streams (riffles). Channel irregularity, therefore, is an important control on the
location of ground-water inflow to streams and on the size of the hyporheic zone in mountain
streams, because changes in slope determine the length and depth of hyporheic flow paths.”

(From: Winter, et a, 1998), p. 37

I FEET

STREAM SLAFACE ELEVATION,

DL 1 — T Figure H=2. In maumain siresms charactarzad
| = | i by pocis gnd nies, sieh as &l Saint Kevn Guich

. o m ] i Colaradn, inflov of water from the hyportieic
s Subsdact  rong to the sirean was greatest af the downztream

ﬂ.l.: :\Yl?f"_b__ ta srnnm

DE— *;n'%_;aﬁ.z“.-:-"'” - Ty e and o ritffors, (Modifled from Haney, J W6, and

L sunsuripen  DETCANS, FLE, 1993, Tho afoct of streambed
00001 § sk -1 | fopagraghy or surice-subsudace waler oxehangs
| in mountain calichmants: Water Bosowross
e cE-.- e 1::: Researcl, v. 25, p. 85-98.}
DEOHETREAM TS TANGL I FEET

FEET PER SECOND PER FIOROT
o

STREAMBE D FLUX, BN CUBIC

Figure 6 - Gainsto River from Hyporheic Zone

The mountain-stream characteristics described above appear to apply quite well to the
topographic characteristics of the study reach of the Dungeness River. It follows that the gains
and losses measured in the Dungeness River may well be due to the irregular mountain-valley
topography and the water interaction with the hyporheic zone.

The overall gain (7.8 cfs) aong the four-mile reach is probably due to gradual (1.95 cfs/mile)
ground-water discharge to the river from the bedrock and colluvium along the steep sides of the
mountain valley. This measured overall gain seemsto indicate that there is no permanent |oss of
river water to bedrock fractures.
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That being said, there is still evidence suggesting that the river course is controlled, in part, by
joint setsin the bedrock (Figure 2). Given the apparent connection between the river and
bedrock joint system, it seemslikely that there is some degree of interaction between the river
and the bedrock aquifer. Winter et al (1998, p 36), indicates that ground-water flow systemsin
fractured bedrock, which contribute to surface-water bodies, can be considerably larger than the
topographically defined watershed and that ground water in fractured bedrock systems can have
extensive, deep, complex flow paths.

It isinteresting, and possibly coincidental, that the largest loss from the river (-10.24 cfs/0.1 mi.)
and the largest gain (6.17 cfs/0.1 mi.) occurred in Reach #3 and #6, both of which are dominated
by large bedrock outcrops (Figure 4 and Table 2). Asshownin Figure 2, it aso happens that
these two bedrock outcrops lie generally on the trace for joint set “H”. Although thisis not
definitive evidence, it seems possible that the water lost at Reach #3 flows along joint set “H”
and reappears at Reach #6.

While such information makes specul ation about possible interactions between the Dungeness
River and the bedrock aquifer tempting, the present study of the upper Dungeness River
provided no data that would lead to any conclusions about significant interaction between the
river and the underlying bedrock aquifer. A detailed study of the bedrock joint and fracture
systems, ground-water flow paths, and ground-water quality would be needed to further evaluate
ground-water/surface-water interaction relative to the bedrock jointing or fracture systems.

It isimportant to note that the accuracy of the measured gains and losses must be eval uated
based on the field conditions, discharge-measurement protocol, and the errorsinherent in
river-discharge measurements. Based on SHU experience with discharge measurements on
the Dungeness River and other synoptic flow studies, the overall measured gain, aswell as
two-thirds of the measured intermediate gains and losses are, herein, considered significant,
measurable values (see Appendix C for more detail). Relative gains and losses are easily
compared in Table 2 where they are shown as a percent of the total river discharge.

Page 19



This page is purposely blank for duplex printing

Page 20



Recommendations

Two avenues of follow-up study could be pursued to clarify ground-water/surface-water
interaction in the upper Dungeness River, and how that might relate to the glacial aquifers under
Sequim Prairie.

1. A detailed study of the relationship between the upper Dungeness River and the hyporheic
zone. The purpose would be to test the theory, put forth in this report, that the intermediate
gains and losses are due to water exchange to and from the hyporheic zone rather than major
interactions with the bedrock aquifer. The study would involve installation of temporary
piezometers in the hyporheic zone along the upper Dungeness study reach and a
simultaneous low-flow, synoptic-flow study.

2. A detailed study of the bedrock joint/fracture systems which may be controlling the drainage
pattern of the river and interaction between the river and the bedrock aquifer. To be
effective, this study would need to be quite comprehensive. Study components would
probably need to include:

» A detailed field mapping of bedrock joint/fracture orientation and attitude all along the
present study reach and including north beyond the USGS cable-way gage to the point
where the river flows onto glacial depositsin Sequim Prairie.

* A detailed geologic analysis of well logs aong the bedrock-glacial deposit transition zone
to establish, aswell as possible, a picture of the geologic cross section across the
transition zone.

* A detailed comparative study of bedrock-aquifer and glacial-aquifer water quality
designed to identify the ground water source in glacial aquifers.

Probably the most effective way to address the questions about ground-water/surface-water
interaction in the study area and in the transition zone from bedrock to glacial deposits would be
to commit resources to both the study efforts described above.
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Appendix B

Stream Discharge Calculations
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Stream Discharge Calculation

Site ID = Dung # 1a

Site Name = Dungeness River at USGS Gage

Stage: 1.50 ft.

Comment:

Date: 10/05/2000 Time: 1340

Stage is tape down from temporary reference point to check stage change during flow measurement.

Point Distance
1 18.00
2 21.00
3 24.00
4 27.00
5 30.00
6 33.00
7 36.00
8 39.00
9 42,00
10 45.00
11 48.00
12 51.00
13 54.00
14 57.00
15 60.00
16 63.00
17 66.00
18 69.00
19 72.00
20 75.00
21 78.00
22 81.00
23 84.00
24 87.00
25 89.00

Total Area=99.72 5. ft.

Depth Area Velocityl  Velocity2 q

0.00 0.00 0.00 0.00 0.00
0.41 1.23 0.59 0.00 0.73
0.95 2.85 118 0.00 3.36
0.94 2.82 111 0.00 3.13
1.26 3.78 1.28 0.00 4.84
125 3.75 1.56 0.00 5.85
152 4.56 1.18 1.76 6.70
142 4.26 1.66 0.00 7.07
1.75 5.25 1.32 1.71 7.95
1.85 5.55 1.30 1.71 8.35
1.80 5.40 112 1.67 7.53
1.80 5.40 1.26 171 8.02
1.68 5.04 1.21 1.61 7.11
151 453 0.84 1.53 5.37
1.80 5.40 0.93 1.58 6.78
1.80' 5.40 1.27 1.64 7.86
2.10 6.30 0.99 1.56 8.03
1.90 5.70 1.16 1.57 7.78
2.00 6.00 0.74 141 6.45
1.90 5.70 0.44 1.05 4.25
161 4.83 0.70 1.17 452
142 4.26 0.75 0.00 3.19
0.53 159 0.43 0.00 0.68
0.05 0.13 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00

Average Velocity = 1.26 ft./sec.

Total Discharge = 125.55 cfs
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Stream Discharge Calculation

SiteID = Dung # 1b
Site Name = Dungeness River at USES Gage (Repeat)
Stage: 1.50 ft. Date: 10/05/2000 Time: 1450

Comment:
Repeat measurement at same site. Stage is tape down from temporary reference point to check stage
change during flow measurement.

Point Distance Depth Area Velocityl Velocity2 q

1 18.00 0.00 0.00 0.00 0.00 0.00
2 21,00 0.48 144 0.23 0.00 0.33
3 24.00 0.92 2.76 118 0.00 3.26
4 27.00 1.00 3.00 1.07 0.00 321
5 30.00 1.30 3.90 1.25 0.00 4.88
6 33.00 122 3.66 154 0.00 5.64
7 36.00 153 459 148 0.00 6.79
8 39.00 1.50 4.50 1.08 1.94 6.80
9 42.00 1.78 5.34 131 1.75 8.17
10 45.00 181 543 1.30 1.62 7.93
11 48.00 1.74 522 123 1.72 7.70
12 51.00 1.80 5.40 134 174 8.32
13 54.00 1.65 4.95 113 1.65 6.88
14 57.00 151 453 0.98 1.56 5.75
15 60.00 1.80 5.40 117 1.59 7.45
16 63.00 1.85 555 131 1.67 8.27
17 66.00 210 6.30 1.03 1.58 8.22
18 69.00 1.85 5.55 1.27 151 7.71
19 72.00. 1.98 5.94 0.80 143 6.62
20 75.00 1.90 5.70 0.39 114 4.36
21 78.00 1.60 4.80 0.78 115 4.63
22 81.00 145 435 0.68 0.00 2.96
23 84.00 0.70 210 0.25 0.00 0.52
24 87.00 0.05 0.13 0.00 0.00 0.00
25 89.00 0.00 0.00 0.00 0.00 0.00

Total Area=100.53 sq. ft.
Average Velocity = 1.26 ft./sec.

Total Discharge = 126.40 cfs
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Stream Discharge Calculation

Site ID = Dung #2
Site Name = Dungeness River at about RM 12.0

Stage: 1.81 * ft. Date: 10/05/2000 Time: 1135
Comment:
* No change in stage during flow measurement as determined by tape down measurement on
temporary staff gage.
Point Distance Depth Area Velocityl Velocity2 g
1 6.70 0.00 0.00 0.00 0.00 0.00
2 950 257 6.81 0.30 118 5.04
3 12.00 220 5.50 0.30 1.49 4.92
4 14.50 2.10 5.25 0.38 1.63 5.28
5 17.00 2.06 5.15 0.90 1.80 6.95
6 19.50 1.88 470 151 1.93 8.08
7 22.00 2.05 5.13 161 192 9.05
8 2450 217 5.43 155 1.81 9.11
9 27.00 197 4.93 142 1.80 7.93
10 29.50 1.97 493 119 173 7.19
1 32.00 1.82 455 1.46 1.66 7.10
12 34.50 195 488 116 162 6.78
13 37.00 1.90 5.22 091 158 6.51
14 40.00 1.80 5.40 1.16 161 7.48
15 43.00 1.60 4.00 0.95 1.49 4.88
16 45.00 1.60 4.00 0.79 1.44 4.46.
17 48.00 135 4,05 1.34 0.00 5.43
18 51.00 114 342 122 0.00 417
19 54.00 1.00 350 1.29 0.00 451
20 58.00 1.05 420 1.56 0.00 6.55
21 62.00 0.85 3.40 1.40 0.00 476
22 66.00 0.60 2.40 0.88 0.00 211
23 70.00 0.73 2.92 0.92 0.00 2.69
24 74.00 0.75 263 0.62 0.00 163
25 77.00 0.00 0.00 0.00 0.00 0.00
Total Area=102.38 0. ft.
Average Velocity = 1.30 ft./sec.
Total Discharge = 132.61 cfs
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Stream Discharge Calculation

Site ID = Trib #1

Site Name = Caraco Creek

Stage: ft. Date: 10/5/2000 Time: 11:00
Comment:
Point Distance Depth Area Velocity]  Velocity2 q
1 5.10 0.00 0.00 0.00 0.00 0.00
2 5.40 0.20 0.06 0.10 0.10 0.01
3 5.70 0.40 0.12 0.29 0.28 0.03
4 6.00 0.50 0.15 0.23 0.23 0:03
5 6.30 0.53 0.16 0.16 0.15 0.02
6 6.60 0.42 0.10 0.18 0.18 0.02
7 6.80 0.42 0.04 0.00 0.00 0.00
Total Area=0.64 q. ft.
Average Velocity = 0.19 ft./sec.
Total Discharge = 0.12 cfs
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Stream Dischar ge Calculation

Site ID = Dung #3
Site Name = Dungeness River at about RM 12.75
Stage: 1.55* ft. Date: 10/05/2000 Time: 0915

Comment:
* No changein stage during flow measurement as determined by tape down measurement on temporary
staff gage.

Point Distance Depth Area Velocityl ~ Velocity2 g

1 15.00 0.00 0.00 0.00 0.00 0.00
2 18.00 0.48 1.44 0.76 0.00 1.09
3 21.00 0.85 255 1.38 0.00 352
4 24.00 1.07 321 1.80 0.00 5.78
5 27.00 131 3.27 2.27 0.00 7.43
6 29.00 146 292 2.58 0.00 7.53
7 31.00 1.60 3.20 173 2.64 6.99
8 33.00 155 3.10 1.49 2.80 6.65
9 35.00 161 322 243 343 9.43
10 37.00 1.75 3.50 2.03 351 9.69
11 39.00 1.72 3.44 1.90 313 8.65
12 41.00 182" 3.64 1.50 2.96 8.12
13 43.00 1.38 2.76 2.66 0.00 7.34
14 45.00 1.40 2.80 1.44 0.00 4.03
15 47.00 1.30 2.60 2.05 0.00 533
16 49.00 1.30 2.60 218 0.00 5.67
17 51.00 1.25 2.50 2.36 0.00 5.90
18 53.00 143 2.86 2.05 0.00 5.86
19 55.00 1.25 2.50 1.86 0.00 4.65
20 57.00 122 244 1.67 0.00 4.07
21 59.00 118 295 1.50 0.00 4.42
22 62.00 1.10 3.30 0.80 0.00 2.64
23 65.00 0.95 2.85 0.75 0.00 214
24 68.00 0.58 145 0.56 0.00 0.81
25 70.00 0.52 1.04 0.36 0.00 0.37
26 72.00 0.00 0.00 0.00 0.00 0.00

Total Area=66.14 sq. ft.
Average Velocity = 1.94 ft./sec.

Total Discharge = 128.15 cfs




Site ID = Dung #3
Site Name = Dungeness River at about RM 12.75
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Stream Discharge Calculation

Site ID = Dung #2
Site Name = Dungeness River at about RM 12.75
Stage: 1.55* ft. Date: 10/05/2000 Time: 0915

Comment:

Tota width = 0.7 ft. Could only measure one flow velocity in center of channel. Flow values at distances
of 0.18 and 0.53 are estimates. Values shown at 0.35 feet and stream edges are measured values, al
others are estimates.

Point Distance Depth Area Velocityl  Velocity2 g

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.18 0.10 0.00 0.00 0.00 0.00
3 0.35 0.20 0.00 0.00 0.00 0.00
4 0.53 0.10 0.00 0.00 0.00 0.00
5 0.70 0.00 0.00 0.00 0.00 0.00

Total Area= 0.07 sg. ft.
Average Velocity = 0.36 ft./sec.

Total Discharge = 0.03 cfs
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Stream Discharge Calculation

Site ID = Dung #4
Site Name = Dungeness R. Below old Clink Bridge at RM 13.28
Stage: ft. Date: 10/5/00 Time: 1015

Comment:
No change in stage during flow measurement as determined by tape-down measurement on temporary
staff gage (tape-down measurements not recorded for this site).

Point Distance Depth Area Velocityl  Velocity2 q

1 3.50 0.00 0.00 0.00 0.00 0.00
2 5.00 0.82 1.85 1.30 1.26 2.36
3 8.00 0.75 2.25 101 0.00 227
4 11.00 1.02 3.06 141 1.36 4.24
5 14.00 1.32 3.30 1.98 0.00 6.53
6 16.00 133 2.66 147 0.00 391
7 18.00 1.20 2.40 2.18 0.00 5.23
8 20.00 1.09 2.18 2.07 0.00 451
9 22.00 0.87 1.74 272 2.70 4.72
10 24.00 0.93 2.09 2.50 0.00 523
11 26.50 2.20 4.40 214 2.30 9.77
12 28.00 1.60 2.80 1.92 213 5.67
13 30.00 100 4.00 1.63 1.97 7.20
14 32.00 2.10 4.20 1.49 1.77 6.85
15 34.00 2.10 4.20 157 1.65 6.76
16 36.00 1.92 3.84 1.44 1.63 5.89
17 38.00 1.92 3.84 1.24 1.45 5.16
18 40.00 1.80 4.50 112 1.28 5.40
19 43.00 1.65 4.95 1.02 1.19°' 547
20 46.00 1.50 4.50 0.98 1.00 4.45
21 49.00 1.40 4.20 0.89 0.00 3.74
22 52.00 1.20 4.20 0.79 0.75 3.23
23 56.00 0.98 3.92 0.85 0.81 3.25
24 60.00 0.85 3.40 0.71 0.75 248
25 64.00 0.84 3.36 0.60 0.00 2.02
26 68.00 117 4.68 0.70 0.00 3.28
27 72.00 0.90 3.60 1.03 0.00 371
28 76.00 0.88 3.52 1.08 1.09 3.82
29 80.00 0.59 1.77 0.52 0.50 0.90
30 82.00 0.79 0.79 0.43 0.44 0.34

Total Area=96.20 sq. ft.
Average Velocity = 1.33 ft./sec.

Total Discharge = 128.41 cfs




Site ID = Dung #4
Site Name = Dungeness R. Below old Clink Bridge at RM 13.28
Stage: ft. Date: 10/5/00 Time: 1015
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Stream Discharge Calculation

Site ID = Dung #5
Site Name = Dungeness R. above old Clink Bridge at RM 13.35
Stage: ft. Date: 10/5/00 Time: 0840

Comment:
No change in stage during flow measurement as determined by tape-down measurement on temporary
staff gage (tape-down measurement not recorded for this site).

Point Distance Depth Area Velocityl  Velocity2 q

1 29.00 0.22 0.11 0.27 0.26 0.03
2 30.00 0.29 0.58 0.42 0.00 0.24
3 33.00 0.60 1.80 0.78 0.75 1.38
4 36.00 0.88 2.20 0.83 0.78 177
5 38.00 0.95 2.38 1.03 1.02 2.43
6 41.00 0.90 2.70 0.72 0.74 1.97
7 44.00 0.80 2.40 0.64 0.65 155
8 47.00 0.95 2.85 111 1.08 3.12
9 50.00 0.84 252 0.89 0.00 2.24
10 53.00 1.10 3.30 1.52 0.00 5.02
11 56.00 1.10 3.30 1.35 0.00 4.46
12 59.00 1.05 3.15 1.39 1.40 4.39
13 62.00 1.18 354 1.35 1.35 478
14 65.00 1.20 3.60 1.35 0.00 4.86
15 68.00 118 2.95 114 0.00 3.36
16 70.00 1.48 2.96 1.48 0.00 4.38
17 72.00 1.50 3.00 0.94 1.85 4.18
18 74.00 158 3.16 1.07 1.99 4.83
19 76.00 1.60 3.20 1.29 2.06 5.36
20 78.00 1.50 3.00 1.57 2.01 5.37
21 80.00 161 3.22 1.28 245 6.01
22 82.00 1.80 3.60 1.14 2.26 6.12
23 84.00 1.80 3.60 1.04 2.55 6.46
24 86.00 181 3.62 1.56 244 7.24
25 88.00 1.70 3.40 1.46 212 6.09
26 90.00 1.80 3.60 1.31 2.22 6.35
27 92.00 1.68 3.36 154 2.28 6.42
28 94.00 172 3.44 0.86 2.01 4.94
29 96.00 1.50 3.00 1.16 1.66 4.23
30 98.00 118 2.36 1.07 112 2.58
31 100.00 0.85 1.70 0.93 0.00 1.58
32 102.00 0.31 0.47 0.75 0.72 0.34
33 103.00 0.00 0.00 0.00 0.00 0.00

Total Area= 88.06 5. ft.
Average Velocity = 1.41 ft./sec.

Total Discharge = 124.09 cfs




Site ID = Dung #5
Site Name = Dungeness R. above old Clink Bridge at RM 13.35
Stage: ft. Date: 10/5/00 Time: 0840
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Stream Discharge Calculation

Site ID = Dung #6
Site Name = Dungeness River Station#6 @ RM 14.9

Stage:.94* ft. Date: 10/5/00 Time: 1030
Comment:
No change in stage during flow measurement as determined by tape-down measurement on
temporary staff gage.
Point Distance Depth Area Velocityl  Velocity2 q
1 9.40 0.00 0.00 0.00 0.00 0.00
2 10.00 0.14 0.25 0.24 0.00 0.06.
3 13.00 0.64 192 047 0.00 0.90
4 16.00 1.00 3.00 0.70 0.00 2.10
5 19.00 113 3.39 0.92 0.00 3.12
6 22.00 1.60 4.80 0.65 0.00 312
7 25.00 182 5.46 1.36 0.00 7.43
8 28.00 1.70 5.10 1.30 1.76 7.80
9 31.00 229 6.87 114 175 9.93
10 34.00 238 7.14 113 184 10.60
1 37.00 2.09 6.27 132 173 9.56
12 40.00 2.01 6.03 1.09 152 7.87
13 43.00 191 5.73 151 1.76 9.37
14 46.00 1.90 6.65 111 1.68 9.28
15 50.00 155 4.65 1.10 1.65 6.39
16 52.00 116 2.90 1.65 0.00 478
17 55.00 1.30 3.90 163 0.00 6.36
18 58.00 1.30 3.90 156 0.00 6.08
19 61.00 1.30 3.90 1.56 0.00 6.08
20 64.00 1.20 3.60 1.42 0.00 511
21 67.00 124 372 115 0.00 4.28
22 70.00 0.70 2.10 1.01 0.00 212
23 73.00 0.55 1.87 0.74 0.00 1.38
24 76.80 0.00 0.00 0.00 0.00 0.00
Total Area=93.15 . ft.
Average Velocity = 1.33 ft./sec.
Total Discharge = 123.74 cfs
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Stream Discharge Calculation

Site ID = Dung #7
Site Name = Dungeness River #7 @ RM 15.15

Stage: .63* ft.

Date: 10/5/2000

Time: 13:30

Comment: RP @ 1330=.62 ft. RP @ 1420=.64 ft. Stage changed -0.02 ft. during flow measurement as
determined by tape-down measurement on temporary staff gage.

Point Distance  Depth Area Velocityl ~ Velocity2 q
1 11.00 0.00 0.00 0.00 0.00 0.00
2 13.50 0.77 192 0.36 0.00 0.69
3 16.00 1.05 2.63 0.59 0.00 155
4 18.50 132 3.30 0.72 0.00 2.38
5 21.00 158 3.95 0.64 0.85 2.94
6 23.50 2.08 5.20 0.89 0.96 481
7 26.00 2.32 5.80 0.80 112 557
8 28.50 222 5.55 0.94. 1.08 5.61
9 31.00 210 525 0.85 113 520
10 33.50 201 5.03 0.93 120 5.35
11 36.00 2.04 4.59 0.89 1.30 5.03
12 38.00 1.99 3.98 1.08 143 4,99
13 40.00 242 484 1.02 1.45 5.98
14 42.00 2.79 558 1.08 151 7.23
15 44.00 2.96 5.92 121 1.66 8.50
16 46.00 315 6.30 1.33 172 9.61
17 48.00 3.10 6.20 1.71 1.82 10.94
18 50.00 3.45 6.90 127 1.88 10.87
19 52.00 3.18 6.36 1.80 1.79 11.42
20 54.00 3.18 6.36 174 1.69 10.91
21 56.00 0.53 0.66 128 0.00 0.85
22 56.50 0.00 0.00 0.00 0.00 0.00
Total Area= 96.32 5. ft.
Average Velocity = 1.25 ft./sec.
Total Discharge = 120.40 cfs
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Stream Discharge Calculation

Site ID = Dung #8

Site Name = Dungeness River # 8 @ 15.25

Stage: 2.26* ft.

Comment:

Date: 10/5/2000

Time: 1445

* 1445 RP=2.26 ft. 1535 RP=2.26 ft. No change in stage during flow measurement as determined by
tape-down measurement on temporary staff gage.

Point Distance  Depth Area Velocityl ~ Velocity2 g
1 8.50 0.00 0.00 0.00 0.00 0.00
2 12.00 0.38 142 0.35 0.00 0.50
3 16.00 1.00 4.00 0.58 0.00 2.32
4 20.00 1.40 5.60 0.68 0.00 381
5 24.00 141 5.64 0.85 0.00 4.79
6 28.00 1.50 6.00 1.02 0.00 6.12
7 32.00 1.79 7.16 1.04 1.30 8.38
8 36.00 1.70 6.80 1.15 143 8.77
9 40.00 1.49 5.96 1.59 0.00 9.48
10 44.00 1.23 492 1.67 0.00 8.22
11 48.00 149 5.96 131 0.00 7.81
12 52.00 1.45 5.08 1.89 0.00 9.59
13 55.00 0.81 243 1.36 0.00 3.30
14 58.00 1.70 5.10 1.76 2.06 9.74
15 61.00 0.82 2.46 243 0.00 5.98
16 64.00 1.80 5.40 0.89 2.30 8.61
17 67.00 1.68 5.04 0.92 215 7.74
18 70.00 1.39 417 141 0.00 5.88
19 73.00 131 3.93 1.92 0.00 7.55
20 76.00 1.00 3.00 2.00 0.00 6.00
21 79.00 0.60 1.80 1.97 0.00 3.55
22 82.00 0.71 1.99 1.09 0.00 217
23 84.60 0.70 0.98 0.35 0.00 0.34
24 84.80 0.00 0.00 0.00 0.00 0.00
Total Area=94.84 5. ft.
Average Velocity = 1.38 ft./sec.
Total Discharge = 130.64 cfs
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Stream Discharge Calculation

Site ID = Dung #9a
Site Name = Dungeness River #9 @ RM # 15.6
Stage: 1.24* ft. Date: 10/5/2000 Time: 1610

Comment:
* 1610 RP=1.24 ft., 1715 RP=1.24 ft. No change in stage during flow measurement as determined by
tape-down measurement on temporary staff gage.

Point Distance Depth Area Velocityl  Velocity2 q

1 7.20 0.00 0.00 0.00 0.00 0.00
2 8.00 0.18 0.43 -0.12 0.00 -0.05
3 12.00 1.03 412 -0.06 0.00 -0.25
4 16.00 0.83 3.32 0.74 0.00 2.46
5 20.00 0.49 1.96 131 0.00 257
6 24.00 1.00 4.00 1.26 0.00 5.04
7 28.00 0.89 3.56 1.58 0.00 5.62
8 32.00 0.50 175 1.80 0.00 3.15
9 35.00 1.95 5.85 0.27 1.96 6.52
10 38.00 2.20 6.60 112 1.76 9.50
11 41.00 2.10 6.30 1.46 2.09 11.18
12 44.00 1.32 3.96 1.93 0.00 7.64
13 47.00 1.25 3.75 1.77 0.00 6.64
14 50.00 2.20 6.60 1.04 2.20 10.69
15 53.00 2.00 6.00 1.40 214 10.62
16 56.00 1.79 537 1.85 2.34 11.25
17 59.00 1.70 5.10 1.74 1.99 9.51
18 62.00 2.00 6.00 0.48 1.28 5.28
19 65.00 1.90 5.70 1.01 0.00 5.76
20 68.00 1.32 3.96 0.88 0.00 3.48
21 71.00 0.50 113 -0.05 0.00 -0.06
22 72.50 0.00 0.00 0.00 0.00 0.00

Total Area= 85.46 5. ft.
Average Velocity = 1.36 ft./sec.

Total Discharge = 116.57 cfs
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Stream Discharge Calculation

Site ID = Dung #9b

Site Name = Dungeness River #9 @ RM 15.6

Stage: 1.24* ft.

Comment:

* 1715 RP= 1.24 ft., 1800 RP= 1.24 ft. Replicate flow measurement. No change in stage during flow

Date: 10/5/2000

Time: 1715

measurement, as determined by tape-down measurement on temporary staff gage.

Point Distance Depth Area Velocityl  Velocity2 g
1 72.50 0.00 0.00 0.00 0.00' 0.00
2 71.00 0.50 113 -0.03 0.00 -0.03
3 68.00 1.36 4.08 0.87 0.00 3.55
4 65.00 1.90 5.70 1.07 1.50 7.32
5 62.00 191 5.73 0.72 1.39 6.05
6 59.00 215 6.45 1.01 1.89 9.35
7 56.00 201 6.03 1.63 2.32 11.91
8 53.00 1.99 5.97 135 212 10.36
9 50.00 2.20 6.60 111 213 10.69
10 47.00 129 3.87 1.98 0.00 7.66
11 44.00 1.20 3.60 2.04 0.00 7.34
12 41.00 1.90 5.70 1.75 2.02 10.74
13 38.00 227 6.81 1.00 1.76 9.40
14 35.00 2.00 6.00 0.25 1.97 6.66
15 32.00 041 1.43 1.86 0.00 2.67
16 28.00 0.62 248 1.65 0.00 4.09
17 24.00 1.00 4.00 1.29 0.00 5.16
18 20.00 0.74 2.96 1.35 0.00 4.00
19 16.00 0.74 2.96 0.85 0.00 2.52
20 12.00 1.03 412 -0.01 0.00 -0.04
21 8.00 0.27 0.65 -0.17 0.00 -0.11
22 7.20 0.00 0.00 0.00 0.00 0.00
Total Area= 86.27 5. ft.
Average Velocity = 1.38 ft./sec.
Total Discharge = 119.29 cfs
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Stream Discharge Calculation

Site ID = Dung #10
Site Name = Dungeness R. below Gray Wolf R. at RM 15.8
Stage: * ft. Date: 10/5/00 Time: 1330

Comment:
* No change in stage during flow measurement as determined by tape-down measurement on temporary
staff gage.

Point Distance Depth Area Velocityl  Velocity2 q

1 37.00 0.00 0.00 0.00 0.00 0.00
2 38.00 1.10 1.65 124 0.00 2.05
3 40.00 134 3.02 0.83 0.00 2.50
4 42.50 1.25 313 0.81 0.85 2.59
5 45.00 1.10 275 1.49 0.00 4.10
6 47.50 1.62 4.05 1.82 2.04 7.82
7 50.00 2.20 4.95 0.96 2.07 7.50
8 52.00 1.70 3.40 101 172 4.64
9 54.00 2.00 4.00 1.39 184 6.46
10 56.00 1.89 3.78 1.38 1.80 6.01
11 58.00 187 3.74 124 1.90 5.87
12 60.00 207 414 1.67 2.35 8.32
13 62.00 2.30 4.60 1.32 2.56 8.92
14 64.00 240 4.80 155 191 8.30
15 66.00 2.01 4.02 1.38 227 7.34
16 68.00 212 424 0.72 212 6.02
17 70.00 1.40 2.80 0.52 0.00 1.46
18 72.00 1.68 3.36 1.58 2.06 6.12
19 7400 1.86 3.72 1.02 2.09 578
20 76.00 2.28 4.56 0.28 1.86 4.88
21 78.00 1.90 3.80 1.25 171 5.62
22 80.00 1.90 3.80 0.20 131 2.87
23 82.00 1.80 315 0.53 1.16 2.66
24 83.50 0.40 0.30 111 111 0.33

Total Area=81.75 . ft.
Average Velocity = 1.45 ft./sec.

Total Discharge = 118.17 cfs
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Stream Discharge Calculation

Site ID =Dung # 11a
Site Name = Dungeness R. above Gray Wolf R. at RM 15.95
Stage: * ft. Date: 10/5/2000 Time: 1500

Comment:
* No change in stage during flow measurement as determined by tape-down measurement on temporary
staff gage (tape-down measurements not recorded for this site).

Point Distance Depth Area Velocityl  Velocity2 q

1 5.00 0.00 0.00 0.00 0.00 0.00
2 5.50 0.57 0.50 117 0.00 0.58
3 6.75 0.50 0.63 1.38 135 0.85
4 8.00 0.80 1.00 1.16 1.21 1.18
5 9.25 0.88 1.10 148 0.00 1.63
6 10.50 1.10 1.38 1.75. 0.00 241
7 11.75 1.18 1.47 1.92 0.00 2.83
8 13.00 1.10 1.38 2.43 0.00 3.34
9 14.25 1.20 1.50 241 0.00 3.62
10 15.50 1.19 1.49 2.37 2.40 3.55
11 16.75 1.22 1.53 2.58 2.56 3.92
12 18.00 115 144 273 0.00 3.92
13 19.25 1.17 1.46 2.87 2.92 4.23
14 20.50 1.17 1.46 2.90 2.87 4.22
15 21.75 121 151 2.79 0.00 4.22
16 23.00 1.20 1.50 2.55 2.59 3.86
17 24.25 1.25 1.56 2.33 2.28 3.60
18 25.50 1.20 1.50 2.01 0.00 3.01
19 26.75 1.20 1.50 1.82 0.00 2.73
20 28.00 1.02 1.27 1.53 1.53 1.95
21 29.25 0.90 113 121 0.00 1.36
22 30.50 1.03 1.29 1.06 111 1.40
23 31.75 1.10 1.38 1.18 1.13 1.59
24 33.00 1.00 125 1.29 0.00 161
25 34.25 0.82 1.02 1.15 1.19 1.20
26 35.50 0.58 0.80 0.80 0.85 0.66
27 37.00 0.10 0.08 0.00 0.00 0.00

Total Area=32.11 5. ft.
Average Velocity = 1.98 ft./sec.

Total Discharge = 63.48 cfs




SiteID = Dung #11 a
Site Name = Dungeness R. above Gray Wolf R. at RM 15.95
Stage: * ft. Date: 10/5/2000Time: 1500
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Stream Discharge Calculation

SiteIfD = Dung #11b
Site Name = Dungeness R. above Gray Wolf R. at RM 15.95
Stage: * ft. Date: 10/5/2000 Time: 1540

Comment:
* Replicate flow measurement. No change in stage during flow measurement as determined by tape-down
measurement on temporary staff gage (tape-down measurements not recorded at this site).

Point Distance Depth Area Velocityl  Velocity2 q

1 5.00 0.00 0.00 0.00 0.00 0.00
2 5.50 0.58 051 0.93 0.91 0.47
3 6.75 0.48 0.60 1.28 1.30 0.77
4 8.00 0.80 1.00 1.21 0.00 121
5 9.25 0.90 1.13 145 143 1.62
6 10.50 1.02 1.27 1.67 1.64 211
7 11.75 1.14 1.42 2.02 1.99 2.86
8 13.00 1.10 1.38 2.29 0.00 3.15
9 14.25 1.18 1.47 241 2.36 3.52
10 15.50 1.20 1.50 2.69 2.71 4.05
11 16.75 1.17 1.46 2.79 2.76 4.06
12 18.00 121 151 2.90 2.87 4.36
13 19.25 1.19 1.49 2.81 0.00 4.18
14 20.50 1.18 1.47 2.81 0.00 4.14
IS 21.75 1.20 1.50 2.78 2.82 4.20
16 23.00 1.20 1.50 2.45 0.00 3.68
17 24.25 1.22 1.53 2.25 0.00 3.43
18 25.50 1.18 147 2.01 2.03 2.98
19 26.75 1.18 1.47 1.76 0.00 2.60
20 28.00 1.03 1.29 1.47 1.50 191
21 29.25 0.92 118 1.29 0.00 148
22 30.50 1.03 1.29 1.07 0.00 1.38
23 31.75 1.10 1.38 1.19 1.15 161
24 33.00 1.00 125 125 0.00 156
25 34.25 0.78 0.97 1.15 0.00 112
26 35.50 0.58 0.80 0.75 0.00 0.60
27 37.00 0.10 0.08 0.00 0.00 0.00

Total Area=31.89 sq. ft.
Average Velocity =1.98 ft./sec.

Total Discharge = 63.05 cfs




Site ID = Dung #1Ib

Site Name = Dungeness R. above Gray Wolf R. at RM 15.95

Stage: * ft. Date: 10/5/2000
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Stream Discharge Calculation

SiteID = GW #1

Site Name = Gray Wolf River near mouth above confluence w/ Dungeness R.
Stage: * ft. Date: 10/5/00 Time: 1655

Comment:

* No changein stage during flow measurement as determined by tape-down measurement on temporary
staff gage (tape-down measurements not recorded at this site).

Point Distance Depth Area Velocityl Velocity2 q

1 27.00 0.00 0.00 0.00 0.00 0.00
2 28.28 053 0.99 0.34 0.00 0.34
3 30.75 131 2.44 0.65 0.60 152
4 32.00 1.35 1.69 1.62 0.00 2.73
5 33.25 1.30 1.63 172 0.00 2.80
6 34.50 1.45 181 1.60 0.00 2.90
7 35.75 1.13 141 1.75 0.00 247
8 37.00 1.30 1.63 1.99 0.00 3.23
9 38.25 1.55 1.94 1.45 2.52 3.85
10 39.50 1.96 2.45 1.04 2.24 4.02
11 40.75 2.08 2.60 0.82 1.98 3.64
12 42.00 2.10 2.63 0.88 1.85 3.58
13 43.25 2.00 2.50 1.08 2.05 3.91
14 44.50 0.45 0.56 227 0.00 1.28
15 45.75 0.55 0.69 2.33 0.00 1.60
16 47.00 0.65 0.81 2.27 0.00 1.84
17 48.25 2.18 2.73 1.55 2.27 5.20
18 49.50 1.40 1.75 1.78 1.76 3.10
19 50.75 1.55 1.94 1.01 0.85 1.80
20 52.00 155 1.94 1.39 1.00 2.32
21 53.25 1.15 1.44 0.75 0.00 1.08
22 54.50 1.40 1.23 0.46 0.00 0.56
23 55.00 0.00 0.00 0.00 0.00 0.00

Total Area=36.78 0. ft.
Average Velocity = 1.46 ft./sec.

Total Discharge = 53.78 cfs
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Appendix C

Data Quality Objectives
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Data Quality Objectives

Accuracy

Standard Stream Hydrology Unit (SHU) protocols for streamflow data collection were
followed throughout this study (SHU, 1999). Replicate discharge measurements were
conducted at representative flow-measurement sites on the mainstem of the Dungeness
River and were used to estimate measurement precision. Replicate measurements were
not conducted on minor tributaries, because tributary flows were so low as to be
statistically insignificant compared to the discharge of the Dungeness River. Due to the
number of variables involved in stream-flow measurements and the lack of reference
measurements, it is impossible to set specific quantitative target values to assess
measurement accuracy. In lieu of specific values, the replicate discharge measurements
are herein used to assess measurement precision and estimate accuracy.

The SHU flow-measurement protocols are designed to produce the highest possible
precision and accuracy for any given flow-measurement condition. The percent
difference between the initial measurements and replicate measurements conducted by
SHU during this project ranged from 0.67 to 2.3 percent (Table 1). These results indicate
a high degree of precision at each flow measurement site.

Rantz (1982, p. 181-183) states that the standard error of a flow-discharge measurement
made under average conditions and using USGS protocols — which are very similar to
SHU protocols — is less than 2.2 percent. Based on the experience of SHU personnel and
the replicate measurements made during this and other synoptic flow studies, as outlined
in Simonds et al (1999), this standard error should be applicable to flow-discharge
measurements made during this project. Therefore, given the flow conditions
encountered and the demonstrated precision, we assume that the accuracy of the flow
measurements for this project is within +/- 2 percent. Given that, flow measurements
made during this project should be able to detect a difference in stream discharge of
about +/- 2 percent of the measured discharge. Based on the mean flow of 125 cubic feet
per second (cfs) during the seepage-run study, a two-percent error would equal a
discharge of 2.5 cfs. Therefore, any reported gains or losses (Table 2) that are less than
2.5 cfs are statistically insignificant, because they are smaller than the range of
measurement error.

Representativeness

The flow-measurement design was intended to ensure the data are representative of the
river flow regime. The seepage run was conducted when prior weather conditions had
been dry (<0.01 inches of precipitation) and streamflow conditions had been stable for
the preceding two days. “Stable” streamflow conditions are defined as a less than



10 percent variation in total flow as measured at the USGS gage (12048000). The actual
variation in river discharge over the 29-hour period prior to the seepage run was
6.7 percent (135.0 cfs at 0900 on 10/4/2000 and 126.0 cfs at 1400 on 10/5/2000).

There was a significant storm event in the week prior to the seepage run study, which
raised discharge in the river considerably above the ideal low-flow. However, the study
was delayed until one day later in the next week which gave the river time to come back
to base-flow conditions. As shown in Table 1, river stage flux at station Dungeness #1
(the USGS gage) was only -0.01 ft. during the course of the synoptic flow study which
indicates stable flow conditions.

Completeness

To ensure that data collected during this study are usable, we used only accepted SHU
protocols for stream-flow data collection. All field equipment was appropriately
maintained and calibrated.

Comparability

Data comparability between this study and others, particularly the in-progress study by
Simonds et al (1999), is being assured by following standard SHU protocols for stream-
flow measurements. The data formatting requirements of the Simonds et al. (1999) study
and subsequent modeling exercises were considered during data reduction and report
preparation.
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